Introduction
Synchronization of cows with 14-d controlled internal drug release (CIDR) progesterone treatment, followed by gonadorelin (GnRH) on d 16 and prostaglandin F 2α (PGF) on d 23 has resulted in good estrous response and artificial insemination (AI) pregnancy rates (Powell et al., 2011) . Long-term progesterone treatment in cows that do not have a functional corpus luteum results in development of a persistent dominant follicle that should ovulate in response to GnRH on d 16, resulting in synchronized follicular growth and more consistent estrus after PGF is given on d 23. However, cyclic cows with a functional corpus luteum may not develop a persistent follicle due to higher progesterone concentrations. An objective of this study was to determine if the estrous synchronization protocol described above might be improved by the addition of PGF on d 7 of the CIDR treatment, to regress any corpus luteum present and insure a persistent follicle will develop that could respond to GnRH. Also, a trend for higher pregnancy rates has been noted when insemination with sorted semen is delayed until about 16 to 18 h after detected estrus (Rorie et al., 2012) . Therefore, a second objective was to further evaluate the effect of time of insemination after onset of estrus on pregnancy rate when using sorted semen.
Materials and Methods
During the fall breeding season of 2011 and 2012, Angus-cross, multiparous (n = 264) and primiparous (n = 74) lactating beef cows at the University of Arkansas beef research station at Savoy were randomly and equally distributed into two treatments groups based on cyclicity, weight, body condition and days postpartum (Table 1) . Treatment 1 (Control) cows received a CIDR progesterone insert Cows were observed for estrus for 84 h after PGF, and those exhibiting estrus were inseminated with X-chromosome sorted semen at intervals from 9 to 24 h after onset of estrus. Ten days after the estrous detection period, all cows were exposed to fertile bulls for 45 days. Transrectal ultrasonography was used to determine AI pregnancy status of cows at ~45 d of gestation and again 45 to 55 days after bull removal of seasonal pregnancy rate. Differences in fetal crown-rump length were used to determine if pregnancies resulted from artificial insemination or subsequent matings. Percentage data for estrous response and pregnancy rate were evaluated using the ChiSquare analysis. All other data were evaluated by analysis of the variance. Data were initially analyzed for year, treatment and their interaction. No significant year or treatment × year interaction was detected (P ≥ 0.35), so data for both years were combined for analysis.
Results and Discussion
The estrous synchronization protocol used in this study was based on the assumption that long-term CIDR treatment would result in development of a large persistent follicle capable of ovulating in response to GnRH given a couple of days after CIDR removal. However, if a cow has a functional corpus luteum during the CIDR treatment period, the additional progesterone from the corpus luteum prevents a persistent follicle from developing and Effect of timing of insemination with sorted semen on subsequent pregnancy rate in postpartum beef cows synchronized with a modified 14-day progesterone protocol 
Story in Brief
This study investigated the effect of time of insemination on subsequent pregnancy rate when using X-chromosome sorted semen. Also evaluated was the effect of prostaglandin injection on d 7 of a modified 14-d progesterone protocol on estrous response. Over a two-year period, Angus-based primiparous (n = 74) and multiparous (n = 264) beef cows were assigned to treatment groups based on cyclicity, parity, weight, body condition and days postpartum. Treatment 1 (Control) cows received a controlled internal drug release (CIDR) progesterone insert on d 0. The CIDR was removed on d 14, followed by treatment with gonadorelin (GnRH) on d 16, and prostaglandin F 2α (PGF) on d 23. Treatment 2 (D7PGF) cows received the same synchronization treatment, except an additional dose of prostaglandin was given on d 7 of CIDR treatment. All cows were observed for estrus over an 84-h period and inseminated with X-chromosome sorted semen between 9 and 24 h after detected estrus. Ten days later, all cows were exposed to fertile bulls for 45 days. Ultrasonography was used to determine pregnancy status of cows ~45 d after insemination and again 45 to 55 d after bull removal. Percentage of cows exhibiting estrus did not differ (P = 0.33) at 76.5% and 71.2% for treatments 1 and 2, respectively. Pregnancy rates after artificial insemination (AI) with sorted semen were similar (P = 0.64) at 63.3% and 66.7% for treatments 1 and 2, respectively. No differences (P = 0.98) were detected in AI pregnancy rates when insemination occurred at intervals from 9 to 24 h after detected estrus. At the end of the breeding season, seasonal pregnancy rates were also similar (P = 0.74) at 83.3% and 84.9% for cows in treatments 1 and 2, respectively. Results demonstrate the 14-d CIDR based protocol resulted in 70% or more of lactating beef cows expressing estrus within a 24 h period, and acceptable pregnancy rates can be achieved in lactating beef cows when using sorted semen over a range of insemination times. the GnRH treatment will be ineffective. In these cows, injection of PGF on d 7 of the CIDR treatment should regress the corpus luteum and insure that a persistent follicle develops that will respond to GnRH. Thus, this study was conducted to determine if such a PGF treatment would improve the estrous response to the synchronization protocol.
The percentage of cows exhibiting estrus did not differ (P = 0.33) between treatments (76.5% and 71.2% for control and D7PGF treatments, respectively ( Table 2 ). The estrous response was acceptable considering that at the start of estrous synchronization only about two-thirds of the cows were cyclic ( Table 1 ). Cows that are not cyclic would not have had a functional corpus luteum and would not respond to PGF given on d 7 of CIDR treatment. This might explain why no treatment differences were detected in estrous response to synchronization. The mean interval from PGF treatment on d 23 to detected estrus was 3 h longer (P = 0.03) for cows in the D7PGF treatment. Within 48 h of PGF treatment, 25% of the control cows were observed in estrus compared to 6% in the D7PGF treatment. During a 24 h period (48 h to 72 h after PGF) 89% of the cows in the PGF group expressed estrus compared with 69% of the cows in the control group. While the percentage of cows expressing estrus did not differ among treatments, the D7PGF treatment appeared to have resulted in better synchrony of estrus.
Pregnancy rates after AI with sorted semen were similar (P = 0.64) at 63.3% and 66.7% for treatments 1 and 2, respectively. Pregnancy rates from sorted semen usually are somewhat lower than that achieved with unsorted semen, likely due to the reduced number of sperm per insemination dose and potential damage to sperm during the sorting process. However, these results demonstrate that a pregnancy rate in excess of 60% can be achieved with sorted semen. No differences (P = 0.98) were detected in AI pregnancy rates when insemination occurred at intervals from 9 to 24 h after detected estrus (Fig. 1) .
Previously, our preliminary data suggested pregnancy rates might be improved by delaying insemination a few hours later than the usual 12 h after onset of estrus, when using sorted semen. In dairy heifers, pregnancy rate is highest when insemination with sorted semen occurs from 16 to 24 h after onset of estrus (Filho et al., 2010 ). In the current study, the majority of beef cows were inseminated with sorted semen from 15 to 21 h after detected estrus, resulting in a pregnancy rate of about 65%. Although this data does not show any effect of time of insemination on pregnancy rate, it is certainly acceptable to delay insemination until 15 to 20 h after onset of estrus. Semen quality is known to vary among bulls. Delaying time of insemination reduces the time sperm must survive the cows' reproductive tract before ovulation, and could improve pregnancy rates in cases where semen quality is less than optimal. Synchronization treatment had no effect (P = 0.74) on overall pregnancy rate. At the end of the breeding season, seasonal pregnancy rates were 83.3% and 84.9% for cows in the control and D7PGF treatments, respectively.
Implications
Results demonstrate than an estrous synchronization protocol consisting of CIDR for 14 d, GnRH on d 16 and PGF on d 23 was effective in synchronizing ≥70% of lactating beef cows within a 24 h period. Acceptable pregnancy rates can be achieved in lactating beef cows when using sorted semen over a range of insemination times. 
